F or decades it has been known
1 that the location of a gene on its chromosome can influence the level at which it is expressed. Most bacterial chromosomes are circular, and their replication begins at a single bidirectional origin. As such, during chromosome replication, genes close to the origin of replication will be transiently present in more copies (present at a higher dosage) than those close to the terminus of replication. Altering the distance of a gene from the origin of replication systematically alters its level of expression during the cell's replication cycle [2] [3] [4] . But until now, the significance of gene location has largely focused on whether highly expressed genes are preferentially located in the originproximal half of the chromosome, because this provides the cell with a growth advantage due to a positive gene-dosage effect 5 . Writing in Cell, Narula et al. 6 report a new twist on the role of chromosomal location in gene function, in coordinating sporulation with chromosome replication in the bacterium Bacillus subtilis.
When starved, B. subtilis can initiate a cascade of protein phosphorylation that leads to sporulation, producing a dormant spore that is resistant to starvation conditions and that can eventually resume growth under favourable conditions. The first components of this phosphorelay are a kinase enzyme called KinA and a response-regulator protein, Spo0F. In vitro evidence 7 has suggested that, although phosphorylation of Spo0F by KinA is necessary for the activation of early sporulation genes, high concentrations of Spo0F can also inhibit the activity of KinA. Narula et al. confirmed this result in vivo, demonstrating that high levels of Spo0F induce a negativefeedback loop that inhibits the phosphorelay.
The spo0F gene is located near the origin of replication, whereas the kinA gene is located close to the replication terminus. Narula et al. report that the positions of spo0F and kinA seem to be crucial for their ability to efficiently regulate sporulation. Because of their respective locations, during replication there is a temporary twofold increase in the dosage of spo0F relative to kinA (Fig. 1a) . By using computer simulations and then verifying their models in vivo, the authors showed that the transient increase in Spo0F concentration inhibits KinA until replication is completed, leading to pulsing dynamics of sporulation-gene expression during each cell cycle (Fig. 1b) . Cells will only sporulate once they cross a threshold level of sporulationgene expression, which is achieved through a positive-feedback loop that increases levels of KinA concentration -a process that takes several rounds of cell division 8 . Narula and colleagues then performed translocation experiments, in which they moved spo0F or kinA towards the terminus or origin of replication, respectively. These translocations abolished pulsing, confirming that a transient imbalance in the dosage of the two genes is necessary for pulsing of early sporulation-gene expression and for proper coordination of the sporulation program with DNA replication. These data, together with the authors' finding that the relative locations of kinA and spo0F are similar in 45 other species of sporulating bacteria, show for the first time that the siting of interacting genes at different locations on the chromosome could have evolved as a way of controlling how the gene products function.
Monitoring chromosome replication status is crucial for many species. In the case of B. subtilis, initiation of sporulation without complete chromosomes for both the mother cell and the future spore cell would be a waste of resources. It has long been known 9 that a checkpoint is activated to inhibit sporulation when DNA is damaged or replication is defective. Narula and colleagues have identified a remarkably simple mechanism by which cells can monitor the replication status of the chromosome.
The regulatory mechanism presented in this study deepens our understanding of the potential variety of mechanisms that might regulate changes in cellular traits. But the work also raises several interesting avenues for further investigation. For example, it is unclear whether this particular situation is a biological one-off. It seems more likely that there are other traits, both in B. subtilis and in other organisms, that are regulated by temporal variations in gene-product ratios associated with gene location.
It also remains to be seen whether morecomplex versions of this mechanism exist, involving more than two genes, and whether
Figure 1 | A genetic imbalance regulates sporulation. The bacterium
Bacillus subtilis sporulates by activating a phosphorylation cascade, which begins with phosphorylation of the protein Spo0F by the enzyme KinA. a, The spo0F gene is located close to the origin of DNA replication on the B. subtilis chromosome, whereas kinA is close to the replication terminus. During replication, the cellular concentration of Spo0F transiently increases relative to the level of KinA, owing to a difference in gene copy number. Narula et al. 6 report that this discrepancy induces a negative-feedback pathway that inactivates sporulation genes. Once replication is complete, the disparity is resolved, and sporulation-gene-expression pathways are activated. b, As such, sporulation genes are activated in pulses during sequential cell cycles. Green indicates that the chromosome is fully replicated, background colour indicates partial replication. Once a threshold level of expression is reached (dotted line), sporulation occurs. 
GENETICS

Location affects sporulation
Monitored changes in the number of copies of a gene during DNA replication control the timing of sporulation in bacteria. This discovery links replication to the concept that a gene's location on a chromosome can influence cell traits. 
G A B R I E L B O W E N
S oils can be viewed as the investment managers of the terrestrial water cycle: they accept precipitation capital from the atmosphere and allocate it to sustain and grow various biological and hydrological stocks. These water investments influence plant productivity, run-off to streams and groundwater, and atmospheric humidity, so deciphering how soils partition water is vital if we are to understand and predict the function of these systems. On page 91 of this issue, Evaristo et al.
1 suggest that the allocation of water in most soils worldwide follows a conservative, diversified 'strategy' , in which new resources are invested as they are obtained, and transfer of capital between accounts is limited.
Water researchers have considered two contrasting scenarios for soil-water allocation. The 'commingled' scenario, which is the one most widely adopted in hydrological models (see refs 2 and 3, for example), assumes that all water is held in a common pool and is withdrawn only as needed. Residual water from past precipitation is tapped by plants, evaporates or hosts biogeochemical reactions until fresh precipitation displaces some or all of it into groundwater reservoirs or streams. This situation has been referred to as hydrological connectivity, because water leaving the soil in any form is drawn from a common pool and is connected to all other flows.
The contrasting scenario could be said to be 'diversified' , because new water is allocated to one of several pools as it enters the soil, and transfers between these pools are limited. Previous hydrological research has provided hints of a diversified approach to soil-water investment. For example, in many soils a substantial fraction of infiltrating water moves rapidly through large pores to recharge groundwater and produce stream run-off 4 . There is surprising evidence that this separation of soil-water pools extends to water withdrawal by plants, with trees and shrubs in two ecological systems 5, 6 drawing from a soil-water pool that is apparently distinct from that feeding recharge and run-off. The generality and importance of such diversification have been unclear, however, because relatively few studies have been conducted. Evaristo and colleagues provide compelling evidence that the diversified mode is widespread, if not ubiquitous. The authors adapt previously reported methods 5, 6 that capitalize on a distinctive shift in the ratios of hydrogen isotopes and oxygen isotopes in soil water as it evaporates from soils. If the water in soil, plants, groundwater and streams all showed a common evaporation shift, this would strongly suggest a commingled situation (Fig. 1a) . But in a meta-analysis of data from 47 studies spanning multiple environments and biomes, the authors instead find a similar evaporation shift in soil and plant water, but little or no shift in streams and groundwater (Fig. 1b) . This implies diversification: plants and soil evaporation across ecosystems seem to be tapping a pool of water that is largely separate from the pools that generate run-off and recharge.
This finding has major implications
HYDROLOGY
The diversified economics of soil water
Soil water that evaporates or is tapped by plants is largely separate from that which runs into streams and recharges groundwater. This finding has big implications for our understanding of water cycling. See Letter p.91
Figure 1 | Evaporation shifts in two models of soil-water allocation. When the ratios of the abundances of hydrogen and oxygen isotopes in soil water are plotted against each other, different data distribution patterns are expected, depending on how the water is partitioned for use. a, In the 'commingled' scenario, soil water is held in a common pool. The distributions associated with water used for different purposes -water tapped by plants, run-off to streams and groundwater, or evaporated water -are shifted by similar amounts from the distribution associated with precipitation. b, In the 'diversified' scenario, new water is allocated to one of several pools as it enters the soil, and transfers between these pools are limited. Evaristo and colleagues' analysis 1 of soil-water data suggests that a diversified mode dominates worldwide: the distributions associated with plant water and evaporated water are shifted by similar amounts from the precipitation values, but the distribution associated with run-off is not shifted by much. Sweden. emails: bethl@microbio.ucla.edu; diarmaid.hughes@imbim.uu.se 
